IMPORTANCE Laparoscopic colectomy is safe and effective in the treatment of many colorectal diseases. However, the effect of increasing use of laparoscopy on overall health care utilization and costs, especially in the long term, has not been thoroughly investigated.
L aparoscopy continues to become the preferred approach for an increasing number of colorectal operations. While laparoscopic approaches represented less than 2% of all colorectal surgical procedures in 2003, by 2009, its use rose to nearly 30% of all cases. 1 Multiple studies [2] [3] [4] [5] [6] have demonstrated the clinical benefits of laparoscopy, including decreased complications, mortality, and rates of readmission as well as shorter postoperative lengths of stay and decreased need for skilled nursing care. As laparoscopic approaches replace the traditional open approach for many operations, the economic effects of the new technology have been examined. New technology often carries with it an increase in costs, both in the form of initial expenses as the technology is purchased and per case as new tools and techniques are required. 7 Early financial analysis of laparoscopic colectomy has demonstrated this scenario to be true, with mean total costs of approximately $400 more for laparoscopic than open cases. 2 This increase in up-front costs, however, is offset by decreases in length of stay, complications, readmissions, and mortality, each of which can carry significant financial consequences. 8 In addition, a recent systemic review 9 showed that, as experience with laparoscopy has increased, there has been a trend toward overall improved cost-effectiveness compared with open surgery. While these short-term outcomes are significant, there has been little research into the long-term effects of laparoscopy on health care resource utilization beyond the immediate postoperative period. A recent study 10 demonstrated that laparoscopy, including laparoscopic and endovascular approaches for coronary revascularization, uterine fibroid resection, prostatectomy, and peripheral revascularization, was associated with significantly decreased workplace absenteeism in the year after surgery.
To our knowledge, analysis of the long-term health care utilization effects of laparoscopy has not been conducted for colectomy. In this study, we aimed to examine the short-(90 days after surgery) and long-term (365 days after surgery) utilization and costs of health care resources after laparoscopic compared with open colectomy.
Methods

Data Source
Data for this study were obtained from the Truven Health Analytics MarketScan Commercial Claims and Encounters Database. This commercial database contains the enrollment and health care (medical and drug) claims of millions of employees and their dependents who are covered annually under a variety of health care plans offered by medium-and large-sized firms. Specifically, this commercial database includes inpatient, outpatient, and emergency department encounters, as well as outpatient prescription drug claims, linked by a unique patient identifier. The commercial database contains deidentified claims data for enrollees from more than 300 self-insured employers (employers who provide health insurance to their employees), 25 health care plans, and 350 unique insurance carriers in the United States since 1995. The data conformed to the Health Insurance Portability and Accountability Act of 1996 confidentiality requirements, so neither informed consent nor institutional review board approval were required by University Hospitals Case Medical Center for this study.
Study Population
All adults aged 18 to 64 years with a primary procedure code (using the International Classification of Diseases, Clinical Modification, Ninth Edition and Current Procedural Terminology surgical codes) for elective laparoscopic and open colectomy procedures with a related diagnosis from January 1, 2010, through December 31, 2010, were selected (eTable 1 in the Supplement). We selected the first colectomy inpatient service in 2010 as the index hospitalization. Patients with less than 2 years of continuous health insurance enrollment, with 1 year before and 1 year after the index surgery date, were excluded. Payment outliers were set as the first percentile on each end of the data spectrum and were excluded from analysis (<$1000 or >$180 000). To measure the association between health care utilization and laparoscopic and open surgery, we also excluded patients with complicated conditions that may confound the results, including primary malignant neoplasm, secondary malignant neoplasm, inflammatory bowel disease, end-stage renal disease, pregnancy, transplantation, and human immunodeficiency virus, during the 2-year study period (eTable 2 in the Supplement). Procedures that were converted from laparoscopy to open surgery were included in the open study group.
Main Outcome Measures
Our study included 3 main outcomes: (1) health care utilization, including office, hospital outpatient, and emergency department visits and inpatient services 90 and 365 days after the index procedure; (2) health care expenditures; and (3) estimated days off from work owing to health care utilization. The health care expenditures included claim payments to facilities as well as to physicians. For days off from work owing to health care utilization, 1 half day was estimated if a patient had a claim for an office visit or laboratory test. One full day was estimated for a claim for an outpatient, emergency department, urgent care, or ambulatory surgical visit. For inpatient service claims, the length of stay was converted directly to days of utilization.
Statistical Analysis
We used a difference-in-difference approach to adjust patients' prior health care utilization. Outcomes were modeled using a generalized linear model. Correlation between individuals was adjusted using the generalized estimating equation. Office visits, outpatient visits, and days of health care utilization were modeled using negative binominal distribution. Expenditures were estimated with γ distribution. Emergency department and inpatient service were modeled only in the postoperative period using logit link and binomial distribution. Independent variables in the regression model included age, sex, region, procedure type, Charlson Comorbidity Index score, index hospital expenditure, index hospital length of stay, conversion from laparoscopy to open surgery, and comorbidities.
Results
A total of 25 481 patients were identified as having received colectomy procedures from January 1, 2010, through December 31, 2010. After applying the population selection process ( Figure) , 4160 patients were included in our study. Of these, 1895 (45.6%) received laparoscopy and 2265 (54.4%) received an open procedure. Table 1 shows the demographic and clinical characteristics of patients who underwent laparoscopic and open surgery. The mean ages were 50.6 and 50.8 years, and 52.2% and 52.0% were male in the laparoscopy and open surgery groups, respectively. The major diagnoses were diverticulitis, colitis, and disorders of the intestine. Table 1 For unadjusted health care utilization in the first 90 days after surgery ( Table 2) , patients who underwent open surgery used significantly more heath care services than those in the laparoscopy group except for emergency department visits. Most notably, the mean preoperative health care expenditures were similar between the laparoscopy and open surgery groups ($7040 vs $7441), but a significant difference of $3695 was seen in expenditures in the first 90 days after surgery ($4176 vs $8272). After adjustment (Table 3) , open surgery was significantly associated with a 1.32-fold (95% CI, 1.20-1.45) increase in days off from work for health care utilization (mean, 2.78 days; 95% CI, 1.93-3.59) compared with laparoscopy. In addition, patients who underwent open surgery also had significantly higher health care expenditures in the postsurgery period than those who underwent laparoscopy. The estimated difference was 1.26 times (95% CI, 1.04-1.53), or $1715 (95% CI, $338-$2853) by estimation with γ distribution.
Similar results were found in health care utilization when examining the entire year before and after surgery ( Table 4) . Mean 1-year preoperative and postoperative health care expenditures were higher between patients who underwent laparoscopic and open surgery; however, while the preoperative difference was $4238, the postoperative difference was $9879, with a $5640 difference-in-difference based on the operative approach. In addition, patients who underwent open surgery had higher numbers of emergency department, inpatient, and outpatient visits, longer lengths of stay (when readmitted), and a greater number of days off from work than those in the laparoscopy group. After adjustment ( 
Discussion
This study shows that the use of laparoscopy in a select group of colectomies results in significantly decreased health care costs and resource utilization compared with open approaches in both the short-and long-term postoperative periods. We found a significant difference in the index hospitalization costs between laparoscopic and open cases ($24 196 vs $31 601), which is in agreement with the trend seen in a recent systemic review. 9 In addition, in both the initial 3 months and the first year after surgery, patients who underwent laparoscopic procedures were significantly more likely to require fewer days of health care utilization and spend less on their overall health care and drug expenses. These results likely reflect the well-documented benefits of laparoscopy, which include faster recovery, less pain, and fewer complications.
11
The economic effect of laparoscopic colectomy on health care is strong-the reduction in initial hospital costs, combined with decreased postoperative utilization, represents a significant decrease in overall health care spending related to the operation. In addition, with significantly fewer days required for health care utilization in the laparoscopic group, patients are less likely to miss days of work, further strengthening the economic effect and improving quality of life.
In an attempt to isolate the benefit of a laparoscopic approach, we have selected a specific subset of patients who underwent colectomy by excluding patients with diseases that could confound our outcome variables. First, we excluded patients with emergency and complicated diseases, such as inflammatory bowel disease, that inherently require higher health care utilization before and after surgery owing to their chronic and often multidisciplinary nature. Similarly, cancer cases were excluded because the need for extensive preoperative and postoperative imaging and other testing, as well as the potential for preoperative radiation and postoperative chemotherapy, would lead to a disease-specific increase in health care utilization requirements. This approach gave us a population of elective, benign colectomies that we believed would be the least confounded to identify a difference in health care utilization based solely on an open vs minimally invasive approach. While there is potential for selection bias in our results, we believe that the effects on health care utilization demonstrated here are likely most representative of the effects of laparoscopic vs open approaches on the colectomy population.
Procedures that were converted from a laparoscopic to open approach were included in the open study group to show the importance of completing a case laparoscopically. The analysis was repeated with conversions included in the laparoscopy group on an intention-to-treat basis with no change in results.
Our study design has several limitations. It is not possible to evaluate clinical outcomes from this data set. The relative underrepresentation of the western region is an inherent limitation of the database. Our data are based on insurance claims and therefore may not truly reflect clinical data or outcomes. Similarly, we were unable to account for variations between Finally, our estimation of days of health care utilization may not accurately reflect the true requirements for patients because we cannot account for variables that may vary the time required for included claims.
Conclusions
Laparoscopic colectomy results in a significant reduction in health care costs and utilization in the short-and long-term postoperative periods. There is significant potential for health care cost savings and improved patient quality of life in the form of fewer days required for health care visits as laparoscopy continues to expand within the field of colorectal surgery. 
